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Introduction
　　　Fluid　infusion　as　a　body　fluid　supplement　is　administered　mainly　to
achieve　two　ends：　First　to　restore　the　water　level　of　the　body　and　second
to　supplement　nutritional　deficiencies．　ln　addition　to　the　above，　fluid　infu－
sion　is　conducted　to　treat　shock　induced　by　severe　trauma　or　major　opera－
tions，　and．is　also　used　to　prevent　anticipated　shock．　Moreover，　it　is　impor－
tant　as　a　blood　transfusion　substitute　and　or　as　a　supplement　to　transfusion
which　is　administered　simultaneously．　ln　other　words，　fluid　infusion　is
administered　to　chronic　consumptive　patients　pre－operatively，　during　opera－
tions　and　post－operatively，　especially　when　the　required　amount　of　blood　for
transfusions　is　not　available　and　or　when　various　nutrients　must　be　supplied．
　　　　Hitherto，　saline，　Ringer’s　solution　and　5　o／o　glucose　have　been　commonly
used　to　restore　body　fluids．　However，　recently　it　has　b　een　revealed　that　a
limit　to　the　amount　of　infusion　liquid　exsists，　and　that　administration　of
saline　solution　causes　disturbance　in　water　metabolism，　influences　electrolytes
equilibrium　and　above　all　may　be　the　cause　of　lung－edema　and　otherdang
ers．　To　counteract　the　above．　Darrow’s　solution　and　dextran　have　beenintro　　　　　　　　　　　　　　　　　　　　　　　　　’
duced．　But　the　problem　of　fluid　infusion　has　become　more　urgent　withthe
progress　of　operative　techniques　and　the　increase　of　operative　invasions．
　　　　According　to・　Bowman，　out　side　of　his　so　called　plasma　volume　expander，
plasma　substitutes　do　not　exsist　in　the　strict　sense　of　the　word．
　　　　The　author，　with　the　above　in　mind　has，　madecreated　“Glyco－Algin”
fromsodium　alginate　which　in　turn　was　produced　from　phaeophyceae　speci
es　ofseaweed　peculiar　to　the　coasts　of　Hokkaido．
　　　　Since　the　introduction　of　“Glyco－Algin”　the　product　has　been　used
clinically　throughout　Japan　by　major　hospitals　including　so－called　university
hospitals．　The　amount　administered　has　come　to　a　total　of　more　than　50－60
thousand　ampoules　with　reports　to　the　effect　that　no　undesirable　effects
were　noticed．　Papers　have　been　published　by　Katsura　Surgery，　Kawai
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Surgery，　Kiyose　Hospital　and　the　National　Sagamihara　Hospital　reporting
satisfactory　use　of　“　Glyco－Algin　”　．
　　　　It　is　the　intention　of　the　author　to　report　in　these　papers　the　results　of
experiments　conducted　hitherto　by　his　co－workers　and　himself　together　with
clinical　observations　obtained　in　his　clinic．
　　　Chemical　and　Biological　Properties　of　Sodium　Alginate．
　　　Alginic　acid，　a　polymer　of　uronic　acid，　is　polysaccharide　in　nature，　and
its　molecular　weight　is　approximately　15000．　Sodium　alginate　has　a　colloi－
dal　property，　is　soluble　in　water　and　has　a　high　viscosity．　The　struncture
of　alginic　acid　is　as　follows　：
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　　　Though　Alginic　acid　has　absolutely　no　antigenicity，　causes　no　pyroge－
nitic　tendencies　when　injected　intravenously，　it　somewhat　accelerates　the
sunguifying　function　of　bone　marrow，　shortens　the　time　of　coagulation，
moderately　stimulates　the　function　of　the　reticuloendothelial　system，　increases
the　production　of　antibodies，　and　moreover　does　not　alter　the　viscosity　of
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blood　serum．　x　Glyco－Algin　is　prepared　by　disolving　O．3　o／o　sodium　alginate
in　5　o／o　glucose　solution，　and　is　adjusted　to　hold　a　specific　viscosity　of　2．0，
　　　　　　　　　　　　　　　　　　　　　Apimal　Experiments
　　　　When　mature　rabbits・were　bled　at　the　rate　of　20　cc　per　kilogram　of
body　weight　in　6　minutes，　the　blood　pressure　drops　rapidly．　With　the　blood
pressure　at　100　o／o　prior　to　bleeding　the　changes　of　blood，　pressure　appear　as
in　Fig．　1．　With　the　above　as　a　control．state，　rabbits　were　infused　’separately
with　an　amount，　equal　to　blood　removed，　with　Ringer’s　solution，　50／o　glucose
solution，　“Algin”　x　x　and　Glyco－Algin，　respectively．
　　　The　results　obtained　are　shown　in　Fig．　1．
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　　　The　restoration　of　blood　pressure　level　appears　as　in　Figure　with
Glyco－Algin　producing　a　95　o／o　rise．　T　he　blood　pressure　is　held　at　80％　even
after　a　90　minutes　lapse．
　　　Even　when　Glyco－Algin　was　infused　at　a　rapid　rate　intravenously　（as
shown　in　Fig．　2），　respira　tion　was　normal　’with　the　blood　pressure　showing　a
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　X　Tomoda：M．　Sodium　Alginate　as　a　Plasma　Substitute，　Kyushu　Memoirs　of　Medical
　　　　SciencEe　1，　85（1950）．
X．　X　“Algin”：　O．3％　Sodium　A！ginate　in　Saline　（Tomoda）．
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rise　instead　of　decrease　and　no　symptoms　of　colloidal　shock　were　to　be
observed．
　　　　Comparing　the　above　with　the　results　of　Algin，　it　can　be　said　that
Glyco－Algin　does　not　have　any　undesirable　effects　on　the　living　body．　The
ideal　of　infusion　is　to　increase　the　volume　of　circulating　blood　and　plasma
while　not　increasing　the　level　of　extracellular　fluids．
　　　　With　the　above　in　mind，　each　solution　was　tested　using　Evans－Blues
and　Crandoll－Anderson’s　methods．　The　results　are　as　shown　in　Table．　As
illustrated　in　Fig．　3，　in　the　case　of　Ringer’s　solution，　20　minutes　after　infu一
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Blood　cells’
Plasma
sion　CBV　decreases　slig．htly，　while　a　slight　increase　is　seen　in　others　and
a9．9％increase　is　seen　in　the　case　of　Glyco－Algin，60　minutes　after　the
infusion　of　Ringer’s　solution　however　a　marked　increase　is　seen　in　the
extracellular　fluid　level，　while　CBV　especially　CPV　showed　a　marked
decrease．　Reactions　produced　by　Glucose　are　more　or　less　the　same．　It　is
therefore　considered　that　the　aforesaid　solutions　not　only　do　not　fulfil　their
　　　　　　　　　　　　　　　　　　　　　　　　の
objects，　but　are　also　harmful　to　the　living　body．　Contrary　to　the　above，　in
the　case　of　GIyco－Algin　an　almost　normaI　balance　of　body　fluids　is　main－
tained．　In　other　words，　it　can　be　said　that　i：rl　the　case　of　Glyco－Algin，
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body　fluid　disturbances　induced　by　bleeding　are　restored　and　adjusted　almost
to　an　ideal　point．　．
　　　　In　the　last　paragraph　rapid　intravenous　infusion　was　explained．　Next，
in　order　to　apply　the　theory　clinically，　drop　infusion　experiments　were　con－
ducted　and　compared　with　the　above．　Solutions　were　administered　at　the
rate　of　10　gtt　per　kilogram　of　body　weight　per　minute　with　results　as
shown　in　Fig．　4・．　lt　has　been　revealed　that，　contrary　to　the　old　conception，
Ringer’s　solution　and　other＄　definitely　do　not　and　cannot　raise　lowered　blood
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pressure　induced　by　bleeding　continuously．　lt　has　further　be　enrevealed
that，　to　raise　and　hold　the　blood　pressure，　a　continuous　drop　infusion　of　a
solution　such　as　Glyco－Algi’n　is　necessary．　lt　should，　however，　be　noted
that　extremely　rapid　infusions　such　as　40　gtt　per　kilogram　of　body　weight
per　minute　induces　a　descend　in　blood　pressure　as　in　the　case　of　Algin
which　after　20－30　minutes　commences　to　descend　rather　than　rise．　Even　in
the　case　of　Glyco－Algin　the　rise　of　blood　pressure　is　inhibited．
　　　　The　above　experime’nts　suggest　importa’nt　factors　which　may　influence
the　problem　of　limitation　of　infusion　velocity．
　　　　The　above　results　were　also　verified　by　studies　on　myocardiograpgy．
While　rapid　infusion　adversedly　i’nfluenced　the　width　of　the　myocardiogram，
s！ow　infusion　of　10　gtt　（ar）　indicated　in　Fig．　5）　as　in　the　case　of　G　lyco－
Algin，　at　90　minutes　after　bleeding，　showed　aユ30％increase　of　width，2．s
compared　with　pre－bleeding　readings，　indicating　a　high　state　of　heart　cont－
raction．
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　　　　The　tests　on　the　influence　of　Glyco－Algin　on　the　function　of　kidney
were　observed；　Urea－clearance－test，　Urinary　output，　urine　viscosity　a’nd
changes　in　the　capacity　of　kindney．　The　results　are　as　follows：
　　　　工）Though　the　value　of　urea　clearance　increased　gradually　after　infusion
of　Glyco－A　lgin　and　returned　to　normal　after　24　hours，　the　variation　is　within
the　normal　physiological　scope．　Hence，　it　may　b　e　concluded　that　Glyco－
Algin　has　no　adverse　influence　on　the　kidney．
　　　　2）　Though　the　Urinary　output　decreases　tem－porarily，　following　bleeding
and　drop　of　blood　pressure，　it　graduaUy　increases　when　slow　drop　infusion
（10　gtt）　is　administered　（Fig．　6）　and　is　restored　to　nQrmal　after　30　minutcs．
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A　further　i’ncrease　was　observed　parallel　with　the　infu：Biori　of　G　lyco一一Algin．
When　rapid　infusio’n　is　administered　with　a1ginate　saline　solution　anuria
occurs　after　60　minutes．　Both　Glyco－Algin　a’nd　Ringer’s　solution　tended　to
reduce　the　amount　of　urine　although　a　temporary　rise　in　the　amount　was
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observed　in　the　early　stages．
　　　3）In　regards　to　viscosity　of　urine，　no　re血arkable　chang．es　Were　obser▽ed
except　in　the　case　of　Algin．
　　　　4）　However　in　regards　to　the　capacity　of　kioneys，　increases　were　noted
in　all　cases　of　infusion．　ln　rapid　drop　infusions，　both　Ringer’s　solution　and
Glyco－Algin　produced　a　similar　50％　increase　in　capacity　（Fig．　7），　and　a
ユ0－20％increase　in　the　case　of　slow　drop　infusion（Fig．8）．
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　　　　The　above　facts　coincide　with　the　amount　of　urine　influenced　by　rapid
infuSions，　blood　pressure　changes　and　variations　of　myocardiogram．
Therefore　it　is　necessary　to　add　that　even　in　the　case　of　Glyco－Algin，　an
over　rapid　infusion　of　the　same　may　cause　undesirable　reactions．
　　　　Tests　were　conducted　to　verify　the　extent　of　influence　of　infusions　on
blood　sugar　content，　to　determine　the　utilization　of　glucose　in　the　body　and
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七6dete血ine　how　the　glucose　surplus　not　utilized　is　expelled　into　urine．
　　　1）　When　2　cc　of　5％　glucose　solution　per　kilogram　of　body　weig　ht　pet
minute　was　infused，　as　in　Fig．　9，　the　blood　sugar　count　showed　a　remarkable
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2．5　increase　and　11．8　o／o　of　the　infused　amount　of　glucose　was　expelled　into
urine．　In　contrast　to　the　above，　when　a　slow　infusion　of　1　cc　per　minute
is　administered，　the　blood　sugar　count　was　minimized　and　hardly　no　glucose
was　found　in　urine．
　　　2）　With　Glyco－Algin　infusions，　as　compared　with　glucose，　even　in　rapid
infusions　the　blood　sugar　count　was　slight　（Fig．　10）　and　the　amount　of
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glucose　expelled　was　only　2．5％　of　the　，infused　amount　which　is　but　1／5　of
the　former．　ln　slow　infusion　with　Glyco－Algin　no　glucose　was　observed　in
urine．
　　　It　is　a　well　known　fact　since　Dewes，　that　operative　invasion　causes
blood　sugar　to　increase　which　is　accompanied　by　glycosuria．　And　since，
generally　speaking，　infusions　are　administered　with　operative　invasions，　’　we
have　therefore　mad　e　observations　on　the　combined　influences　of　operative
invasions　and　infusion，　on　carbohydrate　metabolism．
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　　　　As　operative　invasions，　stomach　and　small　instetines　were　crushed　and
bleeding　was　induced．　lnfusions’　were　administered　respectively　and　the
results　were　compared．　While　in　the　case　of　glucose　infusion　500／o　or　more
of　the　infused　amount　was　expelled，　in　the　case　of　Glyco－Algin　only　2／3　of
the　former　was　experled，　and　blood　sugar　incr’ease　was’　negligible，　as　com－
pared　wiht　glucose　solution．
　　　In　concJusion　and　jn　spite　of　the　fact　that　GIyco－Algin　is　a　5％　glucose
solution　of　Algi：　ate，　when　compared　with　the　results　of　simple　glucose
solution，　Glyco－Algin　infusion　produces　a　more　desirable　effect　and　is　utilized
to　a　fuller　extent　b　y　the　living　body．　The　above　has　been　verified　clini－
cally，　and　the　results　were　highly　satisfactory．
　　　　　　　　　　　　　　　　　　　　　　　　　　　Summary
　　　　By　infusing　an　amount　of　Glyco－Algin　equal　to　that　of　blood　lost　in
bleeding，　lowered　blood　pressure　is　restored　to　95　e／o　of　normal．　ln　additjon
Glyco－Algin　holds　the　blood　pressure　at　80％　of　normal　even　after　a　90
minute　lapse．
　　　　This　is　due　to　the　mechanism　which　i’nhibits　the　increase　of　extracelluar
fluid　and　greatly　increases　the　plasma　volume　of　circulating　blood．　ln
accordance　with　the　above　plasma　volume　and　corpuscle　count　is　restored
by　the　aforesaid　infusion　to　conditions　prior　to　bleeding．　Moreover　when
drop　infusion　is　administered　to　study　clinical　adaption，　the　above　charac－
teristics　of　Glyco－Algin　appear　more　strongly，　with　10　drops　per　kilogram
of　body　wejght　per　minute　the　lowered　blood　pressure　induced　by　bleeding
begins　to　ascend　from　the　time　of　infusion．　A　well　ordered　upward　curve
results．　Even　in　rapid　infusion　（40　gtt　per　minute）　the　results　are　aproxi－
mately　the　same．
　　　　Studies　on　kidney　functions　revealed　the　following．　Slow　drop　intra－
venous　infusion　increases　circulating　blood　volume　iri　kidney　and　heightens
blood　velocity　in　the　same　and　expedites　diuretic　action．　Moreover　Glyco－
Algin　inhibits　the　transudation　from　the　cardiovasular　system　to　tissues
while　on　the　other　hand　it　promotes　the　process　of　filtration　and　excretion
of　glomerulus　without　reverse　influences　on　the　tubular　reabsorption．
　　　Studies　on　the　correlation　of　blood　sugar　increase　and　operative　inva－
sions　were　conducted　to　determine　influences　on　the　metabolism　of　carbohy一
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drates．　As　compared　with　glucose　solution，　the　rise　of　blood　sugar　induced
by　Glyco－Algin　infusion　is　a　mere　1／2　of　that　of　the　former．　When
operations　are　not　conduc’ted，　glycosuria　does　not．　appear　and　the　increase　of
blood　sugar　is　slight．
　　　　　　　　　　　　　　　　　　　　　　　　　　　Conclusions
　　　ユ）As　compared　with　various　infusion　fluids　utilized　hitherto，　it　may　be
said　that　Glyco－Algin　is，　in　every　respect，　almost　an　ideal　supplementary
fluid，　in　that　it　satisfactorily　increases，　maintains　and　holds　blood　pressure，
restores　and皿aintains　blood　circulation　and　plasma　volume，　stabilizes　urine
volume　and　extracellular　fluids，　holds　and　maintains　carbohydrate　metablism．
　　　　2）　The　limit　of　velocity　in　the　utilization　of　Glyco－Algin　in　drop　infu－
sio’n　i’s　10　drops　per　kilogram　ol　body　weight　per　minute．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（Received　June　15，　1954）
